2
Various methods, such as high pressure 1 , atomic intercalation 2, 3 , chemical substitution 4 , and point contact 5 , have been applied to tune the topological materials into superconducting state. WTe2 has been extensively studied recently [6] [7] [8] [9] [10] [11] [12] [13] [14] , particularly as the candidate of type-II Weyl semimetal [6] [7] [8] and due to the unsaturated magnetoresistance 9, 10 . Interestingly, it has been found that bulk WTe2 under high pressure exhibits the superconductivity with an optimal transition temperature (Tc) of ~6-7 K 15, 16 , however, there is no superconducting transition observed down to ~0.3 K at ambient pressure 17 . It is promising to explore the superconductivity in this system since the superconductivity and topological properties may coexist 18 . Several mechanisms have been proposed to explain the superconductivity transition in WTe2 under high pressure, such as a quantum phase transition with the Fermi surface reconstruction due to compression 15 , the enrichment of the density of state N(EF) in low-pressure regime and the possible structure instability at high pressure 16 . Later, it was attributed to the phase transition from ambient Td to the monoclinic 1T' phase 19 . However, in-depth understanding of the superconductivity in WTe2 remains elusive, and the main challenge is the insufficient access of experimental techniques under high pressure. Therefore, to induce the superconductivity in WTe2 at ambient pressure is significantly required.
Electron doping through alkali intercalation is an efficient way to tune superconductivity in transition-metal dichalcogenides (TMDs) [20] [21] [22] [23] , organic compounds 24, 25 , and iron-based superconductors [26] [27] [28] [29] [30] . Recently, ionic liquid gating has been widely applied to induce unconventional superconductivity in 2H phase TMD of MX2 (M=W,   3 Mo; X=S, Se, Te) [31] [32] [33] [34] [35] . Here, we have for the first time successfully synthesized the Kintercalated Td-WTe2 by using liquid ammonia method 36, 37 . Resistance measurement demonstrated the superconductivity transition with Tc of ~ 2.6 K. By using scanning tunneling microscopy /spectroscopy (STM / STS), we found the local existence of SC gap at even higher temperature (~4.2 K) which may be attributed to the spatial inhomogeneity during the K intercalation. Unlike the superconductivity under high pressure 15 , the positive magnetoresistance is still persisted in the superconducting Kintercalated WTe2 samples, which may suggest an alternate mechanism. XRD measurement indicates that no prominent lattice expansion is detected, thus the emergence of superconductive transition can be mainly attributed to the electron doping effect.
Single crystal WTe2 was grown by chemical vapor transport method. The Kintercalated WTe2 sample was obtained through liquid ammonia method. More detailed description of liquid ammonia method is clarified in Supplementary materials. Single crystal WTe2 was intercalated for the resistance measurement. Electrical resistance measurements were conducted in a physical property measurement system (PPMS) from Quantum Design. STM and STS measurements were carried out in a low temperature scanning tunneling microscope (LT-STM, Unisoku Co.) at ∼4 K in ultra-high vacuum (UHV), with the base pressure of 1×10 -10 mbar. The KxWTe2 sample was in situ cleaved in UHV at room temperature, and then quickly transferred to STM stage for scan. For the powder X-ray diffraction characterization, the single crystal WTe2 sample was 4 grinded into powder prior to the intercalation process. Rietveld refinement was used to determine the crystal structure of KxWTe2.
Bulk WTe2 possesses a layered structure of Td phase with the space group of Pnm21. W atomic layer is surrounded by up and down Te layers, forming sandwich structure.
The Te-W-Te sandwich layer is stacked via van der Waals interactions, as schematically illustrated in Figure 1 Table S1 . This is consistent with the previous studies on CuxBi2Se3 and SrxBi2Se3 39, 40 , where the atomic intercalation was not found to prominently enlarge the van de Waals gap (along the c axis). In the study of K doped FeSe, the c axis is in fact increased through the formation of a new phase of KxFe2Se2 37 . These structural analysis verify that the potassium intercalation between the WTe2 layers has negligible effect on the crystal structure. In other words, negligible chemical pressure is induced by the K intercalation. with the patulous border, and resides over several lattice rows of WTe2. Moreover, the 6 surface lattice of WTe2 can be well resolved on top of the protrusions. Line-cut profile taken across the protrusions, as plotted in Fig. 1(f) , shows the quite small apparent height of ~ 50 pm. In comparison, we also deposited K atoms directly to the clean WTe2 surface to achieve K adatoms. As shown in Figure 1(f) , the apparent height of K adatom (green colored line in Fig. 1(e) ) is much higher than that of the protrusions in KxWTe2 (red colored line in Fig. 1(d) ), and the K adatom has well defined shape, different from the protrusions in KxWTe2. The possibility of surface Te vacancy can be also excluded due to the different STM morphology (see Supplementary Materials Fig. S2 for Te vacancy on clean WTe2). Therefore, we assign these protrusions as the intercalated K atoms in the van der Waals gap underneath. Surface K adatoms are not observed on the surface of cleaved KxWTe2, which may be due to the fast surface diffusion and accumulation after the cleavage at room temperature. The WTe2 surface was kept at liquid nitrogen temperature during K deposition to avoid the atom accumulation.
The electrical resistance (R) of KxWTe2 as a function of temperature (T) is plotted in Figure 2 (a). The resistance shows a metallic behavior and tends to saturate below ~10 K, in agreement with the semi-metal nature of pristine WTe2 41, 42 . The resistance starts to take a sudden drop at ~2.6 K and then decreases to absolute zero at ~1.2 K, as can be clearly seen in the inset of Fig. 2(a) . Here the transition temperature Tc is defined as the onset point where the resistance starts to drop. To further confirm it is the signature of superconducting transition, the evolution of R-T curves under different magnetic field aligned along c-axis are presented in the inset of Figure 2(a) . Obviously, the transition is 7 gradually suppressed by the increasing magnetic field, and Tc is shifted towards lower temperature. All of these results demonstrate that the KxWTe2 undergoes the superconducting transition at ~2.6 K. In the previous study, WTe2 was also found to exhibit a similar anisotropy in the magneto-resistance study 9 . The origin resulting in such an anisotropic superconductivity may be ascribed to the highly anisotropic electronic structure of WTe2.
A series of KxWTe2 samples with different nominal x were explored. The curves of R vs T (Normalized to 200 K) are plotted together in Fig. 3(a) . All the samples show a similar metallic behavior as the pristine WTe2 at the non-superconducting regime.
Superconducting transition is observed for the samples of x = 0.32, 0.33 and 0.78.
However, no such transition is observed for the samples of x = 0 and 0.17 down to ~0.4 9 K. Therefore, the K doping level needs to be larger than a threshold value to realize superconductivity. In our experiment, the threshold value x is between 0.17 and 0.32. anticipated that the superconducting gap exhibits a drastic inhomogeneity: in some areas, the superconducting gap is small and almost smeared out (Site 3 and Site 4 of KxWTe2 in Fig. 3(d) ); while in other areas, the superconducting gap is larger (Site 1 and Site 2 of KxWTe2 in Fig. 3(d) ). Such surface inhomogeneity suggests that the local superconducting regions may still exist above Tc (~2.6 K) as determined in the transport result, but are not interconnected with each other. We ascribed such inhomogeneity of superconducting gap to the inhomogeneous doping effect, most likely the fluctuated 
where Δ is the superconducting gap, Γ is the effective energy broadening. A tentative best fitting to the superconducting gap (site1 in Fig. 3(d) ) with a fully gapped s-wave function gives a Δ of ~1.6 mV and unreasonably large Γ value of ~ 1.7 mV. Such a large Γ value completely suppresses the coherence peak, and has no physical meaning. Even though to reduce the Γ value can reproduce the coherence peak, but the calculated intensity at low bias is much lower than experiment. It is impossible to reproduce both features of the prominent coherence peak and the high in-gap intensity by tuning the values of Δ and Γ. Therefore, it is indicative of a not fully gaped superconducting states.
A recent study of ionic liquid gated 2H MoS2 In general, atomic intercalation induces two effects of lattice expansion and electron doping. According to the XRD result ( Fig. 1(b) ) showing negligible lattice expansion and the STS results ( Fig. 3(c) ) showing similar characteristics, it is reasonable to assume a rigid band model for KxWTe2. K interaction donates electrons to the existing band and shift the Fermi energy. We thus believe the superconducting transition in KxWTe2 is mainly resulted from electron doping effect. In order to further compare with high-pressure superconductivity in WTe2, another issue to investigate is the magnetoresistance effect in KxWTe2 under relatively high field in the non-superconducting 13 regime. In the previous study 15 , it was reported that the appearance of superconducting state is accompanied by the suppression of the large magnetoresistance state under high pressure. The temperature and field dependence of the magnetoresistance of two samples, non-superconducting K0.17WTe2 and superconducting K0.78WTe2, are measured and plotted in Fig. 4 . Surprisingly, the positive magnetoresistance effect is always observable regardless of whether the sample is superconducting or not, in contrast with the previous conclusion made under high pressure 15 . In our study, it is clearly indicated that the positive magnetoresistance effect can coexist with the superconductivity in Kintercalated WTe2. Under high pressure, the crystal lattice is compressed to result in the electronic structure change of WTe2. While in the K intercalated WTe2, superconductivity is promoted purely by electron doping effect, without a considerable lattice change. We therefore ascribe the suppression of MR to the band structure change which only applies in the high pressurized WTe2. The superconductivity in WTe2 can be induced purely by electron doping effect, and is not necessarily competitive with the large magneto resistance effect. Considering the structural intact in the superconducting KxWTe2, the non-trivial topological phase in WTe2 may be still persisted.
In summary, superconductivity was successfully realized in WTe2 at ambient pressure by K intercalated, with a Tc of ~2.6 K. Electron doping effect resulted from Kintercalation plays the dominant role in tuning the superconductivity. Since there is no change observed in the crystal lattice and no prominent suppression of the positive magnetoresistance, it is reasonable to expect that the topology of WTe2 as the type II 14 Weyl semimetal is still persisted. K-intercalated WTe2 thus provides a promising platform to explore the topological superconductor and the possible existence of Majorana Fermion.
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